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Introduction

The Rel-16 NB-IoT WI [1] has been revised to add the main areas to be investigated when it comes to NB-IoT and NR coexistence. 

During last meeting, a TR skeleton [2] has been agreed. In the approved Way Forward [3], it was agreed that NB-IoT could operate in NR TDD by choosing suitable UL-DL configurations(s).  
Agreements on TDD

Conclusion: NB-IoT could operate in NR TDD by choosing suitable UL-DL configuration(s).

ZTE/Ericsson to provide TP to TR in next meeting
The following TP is based on previous meetings’ contributions [4].   

Conclusions
It is proposed to capture the below TP into TR [5].
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5.5
Synchronization between NR and NB-IoT
5.5.1
Background
The specified E-UTRA TDD configurations are listed in  Table 5.5.1. 
NB-IoT TDD was specified in Release 15. Due to the lack of available resources, RAN1 agreed to not specify NB-IoT TDD for configuration #0 and #6 (red in Table 5.5.1). Moreover, to avoid any slot truncations, only TDD configuration #1 and #4 (green in Table 5.5.1) are supporting NB-IoT 3.75 kHz SCS. Due to the above reasons, TDD Test Models used for BS RF conformance testing (TS 36.141) are based on configuration #1 and special subframe configuration 8 when testing E-UTRA with NB-IoT in-band/guard band TDD.

Table 5.5.1. Specified LTE TDD configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number
	Number of subframes / frame

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	DL
	UL
	S

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	2
	6
	2

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	4
	4
	2

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	6
	2
	2

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D
	6
	3
	1

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D
	7
	2
	1

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D
	8
	1
	1

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	3
	5
	2


NR TDD configurations are very flexible. Comparing to E-UTRA TDD, no predefined pattern has been specified which makes possible to configure TDD according to any specific need. Two different patterns might be configured (RRC), and for each pattern following parameters are defined:

- The periodicity.

- The number of slots (one for downlink, one for uplink) 

- The number of symbols (one for downlink, one for uplink), this number of symbols could be used to define an equivalent to LTE special sub-frame.

5.5.2
TDD synchronization
Following figures show how to configure NR TDD to operate NB-IoT both 15 kHz and 3.75 kHz SCS:

Figure 5.5.1-1 using one NR pattern to align with LTE configuration #1.

Figure 5.5.1-2 using two NR patterns to align with LTE configuration #4.
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Figure 5.5.1-1: NR TDD pattern to sync with LTE TDD configuration #1
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Figure 5.5.1-2: NR TDD pattern to sync with LTE TDD configuration #4
Unfortunately, none of those configurations were used to build NR Test Model used in MSR conformance specification (TS 37.141). A new Test Model shall then be specified for NR with NB-IoT operating in NR in-band.

5.5.3
TDD configuration for MSR specifications
As mentioned before, for E-UTRA TDD configuration with NB-IoT operating in-band and/or guard band, the agreed test model is based on configuration 1, with 5ms switch periodand the special subframe configuration 8, i.e. uplink/downlink subframe ratio is 3:6, DwPTS = 11 symbols, GP = 1 symbols, UpPTS = 2 symbols. The specific E-UTRA TDD configuration is illustrated in the Figure 5.5.3-1.
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Figure 5.5.3-1. uplink/downlink configuration for E-UTRA TDD test model (2 frames for conformance testing)
According to NR slot configuration, UE specific 
dedicated configuration could be used to override the flexible slots configured by the SIB1 tdd-UL-DL-Configuration. For different SCS, the same ratio of DL and UL are assumed to be configured, therefore based on the following Figure 5.5.3-2 and Figure 5.5.3-3, the DL,UL and special subframe could be configured by the UE specific configuration.
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Figure 5.5.3-2. uplink/downlink configuration for E-UTRA TDD test model (2 frames for conformance testing)
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Figure 5.5.3-3. the downlink and uplink configuration for different SCSs

The specific TDD configurations proposed in the Figure 5.5.3-2 and Figure 5.5.3-3 could be summarized in the following table 5.5.3-1 and has already been specified in TS 37.141 Table E.0A-1.

Table 5.5.3-1: Configurations
	Field name
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	Tdd-UL-DL-Configuration
	

	referenceSubcarrierSpacing
	15
	30
	60

	Periodicity (ms) for dl-UL-TransmissionPeriodicity
	5
	5
	5

	nrofDownlinkSlots
	1
	2
	4

	nrofDownlinkSymbols
	0
	0
	0

	nrofUplinkSlots
	0
	0
	0

	nrofUplinkSymbols
	0
	0
	0

	Tdd-UL-DL-ConfigDedicated
	

	nrofDownlinkSymbols
	For Slot#1: 10
	For Slot#3: 6
	For Slot#6:12

For Slot#7:0 

	nrofUplinkSymbols
	For Slot#1: 2
	For Slot#3: 4
	For Slot#6:0

For Slot#7:8 

	slotIndex
	1
	3 
	6,7

	nrofDownlinkSymbols
	10
	6
	12,0 

	nrofUplinkSymbols
	2
	4
	0,8 

	slotIndex
	2,3
	4,5,6,7
	8,9,10,11,12,13,14,15

	symbols
	allUplink
	allUplink
	allUplink

	slotIndex 
	4
	2,8,9
	4,5,16,17,18,19

	symbols
	allDownlink
	allDownlink
	allDownlink


<End of the TP>

Why should we use this? We could already configured correctly TDD from the beginning…


We should better use RRC terminology, don’t you think?... 





